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In this work we present a baryon-antibaryon bootstrap model which, for the meson spectrum, we understand to be an alternative of the quark model. Starting from the baryon octets, the forces are constructed from the t-channel singularities of the nearest meson multiplets and transformed into an SU (3) (3) is ruled out by the fact that the dynamics is stable against small perturbations of the input masses.
Instead, a solution of the symmetry breaking is given in terms of bootstrapped singlet-octet mixing.
Introduction
Various models have been proposed, mostly in the last eight years, giving dynamical understanding of the meson spectrum. The model, which has met with great success in classifying the hadrons, is the quark model [I] . The dynamics of the quark system, however, is not clearly understood although some progress has been made recently [2, 3] . On the other hand, the most attractive feature of the quark model, i.e. the nonet structure of the mesons, is an ad hoc assumption without dynamical justification as long as quarks have not been found.
In another class of models the meson spectrum is constructed from two-meson underlying states, a simple bootstrap principle settling the dynamics 14-61. In these calculations self-consistency can only be achieved if higher channels are include'd and installed to give the main attraction 171. This leads to the conclusion that the mesons are mainly bound states of a yet unspecified twoparticle system in contradiction to the starting-point. Some earlier ideas concerning the dynamical origin of the meson spectrum [8] have been strengthened in a work by S. Wagner and the author [9] . They state that the mesons may have a baryon-antibaryon (BB)-like structure which can be considered to form a possible alternative to the quark model. The main advantage of starting from BB underlying states instead of with quarks is that we already have some knowledge of the Bi interaction from nucleon-nucleon scattering [lO,ll] . If the BB forces are likewise taken to be given by the t-channel singularities of the nearest mesons transformed into a potential (the u-channel can be neglected since it is exotic and only contains the deuteron) and the BB bound states are interpreted as mesons, then the set of input and output particles form a bootstrap system which may serve as a guide to the dynamics of the meson spectrum.
It is the aim of this paper to develop a BB bootstrap model directing attention to the physical meson spectrum.
The symmetry of the system should emerge from the bootstrap condition.
Several arguments have been given that the symmetry group able to fulfil the bootstrap condition is one of the groups SU(n) [12] . (140) K (500) n (550) n' (960) P (765) K* (890) w (784) + (1020) B (1235) 1250 6 (970) TA ( 
8s-8A Table 2 and the dynamical part of the potential is given in Appendix A. Table 2 indicates that isosinglet exchange contributes the same to all multiplets so that, in this case, they would be completely degenerate. The form factor is taken to be the same for all contributions to the potential, .4) i.e. the forces in the % channel are ignored. We assume that low-order perturbation theory can be employed for vi;) because of the short-range nature of these forces. Suppose there is a low-lying bound state in the BE channel, then first order perturbation theory gives a contribution to the bound state wave function in the meson channel (for simplicity the SU (3) specification is dropped) (2.5) where we have set ($,,$,) = 1. A mass shift at first occurs in second order yielding (2.6) It is complex for mB lying above the two-meson production threshold. We will discuss this case first. The imaginary part of (2.6) represents the width /7= (2.7) and the real part (2.8) 
SU(3) Symmetric Bootstrap Solution
The self-consistency requirement inherent in this model extends to the mass, the coupling constant and the F/D ratio (if any) of the multiplets involved.
Multiplets not included in the input may occur as bound states at higher energy such as to contribute only a little to the input.
The output coupling constants and F/D ratios result from the residues of the bound state wave functions (which have a pole at Ek = mB> making use of Eq.(A,l-A.6).
The normalization of the wave function is, however, not determined by the eigenvalue equation (the same problem is met with in the Bethe-Salpeter equation; for a review see Ref. [23] ) so that the residue only permits a calculation of the F/D ratio and g CT) ,g 0) (in the case of the 3S1-3D1 partial wave).
One way of normalizing the wave function (being intuitive for our aim) is by calculating the electromagnetic form factor at zero momentum transfer which gives the total charge. This is unambiguous although this is not the case for finite q2 [24] . It is obvious that this procedure is only relevant if the form factor can be explained by the diagram shown in Fig.2a . From the preceding discussion on the inelastic channels we know, however, that the diagrams like that in Fig.2b may contribute a large amount to the form factor (and the norm of the wave function) even if they do not effect the position of the bound state.
For this reason we can only assume that the normalization condition applies to the bound states which are not allowed to decay into two mesons.
These are the pseudoscalar octet mesons (if the physical masses are taken).
The normalization method is completely equivalent to setting ($,,$,> = 1 and can, therefore, be taken over by the neutral bound states. Table 4 and will be discussed now (the bootstrap program was stopped here although some smaller refinements in the input parameters had to be made). The experimental values recorded in Table 4 refer to Refs. [26, 27] .
The (partial) bootstrap solution exhibits the nonet structure of the lowlying pseudoscalar, vector and scalar mesons. The masses are in good agreement with the average physical meson masses except for the 11; and the w. which seem to be too low. In the case of the 3 PO partial wave we assign the singlet to the o meson and the octet to 6 , {K, KN} and {E, S*]. As far as the coupling constants and F/D ratios are concerned we are faced with the following situation:
W> the octet coupling constants are labeled by their I = 1, Y = 0 members. (w) 'so: The r coupling constant is fairly well reproduced. The F/D ratio turns out somewhat lower than that derived from the reciprocal bootstrap [28] , but it is consistent with experiment. The 11: coupling constant is not well known and the situation is complicated because of no -r,: mixing.
3S -3D
(6) 3S1 -3Dl: The F/D ratio of the vector coupling is in agreement with isovector current conservation [29] . The F/D ratio of the tensor coupling seems reasonable compared to experiment. In addition, the ratios g(T),gW) are fixed.
For the p it is close to the nucleon form factor prediction 1301. The gi$ /4n = 0 and gL$2/46 = 13.7, glfiii2/4n = 9.7. This reproduces the known fact that the I$ is decoupled from the nucleons. The second pseudoscalar octet turns out to be rather low and should actually have been included in the bootstrap. However, the output coupling constant is g2/4rr = 5(a = 1) which already proves that this contribution is smaller by a factor of at least 15 than the m exchange.
In the exotic channels only a 27-plet appears in the 3S1-3 D1 partial wave at 1400 MeV. This is fairly high and not excluded by experiment. There are some indications
[15] that a I = 3/2, Y = 1 meson exists at 1200 MeV. The other partial waves not included in the bootstrap contain bound states above 1300 MeV as shown in Table 6 . The tensor singlet and octet 3 3 ( P2-F2) is in good agreement with experiment.
The axial vector bound states 3 ( P ) are 1 compatible with the D and KA mesons but are far too high compared to the A,.
This would support the Deck-effect interpretation of the A, [33] . The first recurrence of the '(T , the B meson, is also fairly well reproduced (if the width is taken into account). The coupling constants indicate that the isosinglet exchange is by far the dominant one. In addition, this is improved by the fact that the pseudoscalar and vector octet exchange contribution to the '50 and 3S1 -3D1 singlets and octets cancel for the main part as a consequence of the special parametrization of the vector exchange (see Table 3 ). For this reason we do not believe that our choice of the form factor parameters is crucial. Small changes of the form factor parameters merely effect the isosinglet exchange and can be cancelled by simply readjusting the vector and scalar singlet coupling constants which are not subject to the self-consistency condition.
Since the scale of the vector and scalar coupling constants is left open by our bootstrap model one could argue that further solutions exist. The dependence of the masses on these coupling constants, however, gives a closed curve (in the mass-coupling constant plane) of small extension so that a much different solution is not expected.
SU(3) Breaking
So far we have assumed SU (3) (3) and the dynamics it governs could be advanced if the deviations be carefully examined. We are now going to discuss possible origins of SU (3) symmetry breaking.
Ina bootstrap model the symmetry breaking chooses that direction leading to unstable dynamics. Some general features of the bootstrap theory of SU (3) breaking have been pointed out in the literature [35] . But in order to favour one mechanism more than the other one has to make detailed calculations. We shall first discuss the conjecture of spontaneously broken SU (3) and first order perturbation theory should apply. We have attempted to construct a solution of this type. The first order perturbation on the output is proportional to 6mB D82mB/(t-mi)2 being of the order (6mB D8/mB) . (v/binding energy).
In the case of the pseudoscalar octet it is even less because the pseudoscalar exchange vanishes at t = 0. For the physical mass splittings ( C;mpS = 450 MeV, ""V = 160 MeV, the scalar octet has not been taken into account because of the very small contribution) first order perturbation theory (taking SU (3) waves (for our parametrization) so that they are partly cancelled (see Table 3 ).
This rules out spontaneous breakdown of SU (3) . There would also have been no room for a (massless) Goldstone boson in strong interactions. The form of the symmetry breaking, however, points into the right direction.
In any but the spontaneous symmetry breaking case the SU (3) violation is started by an extraneous SU (3)noninvariant interaction.
Such an interaction becomes apparent, e.g. in the w-$I mixing mechanism [361. Henceforth, we shall pursue the idea that the "driving term" is given by singlet-octet mixing effects alone.
In view of the fact that spontaneous SU (3) part is given by ml8 . Since the w-4 mixing is self-generating, ml8 is subject to the bootstrap condition. In second order we have which corresponds to the diagrams in Fig.4 . On the input side the pseudoscalar nonet mixing proves to be small for physical mixing parameters. Scalar mixing is negligible because of the very small octet coupling constant. It is, therefore, expected that the self-consistency condition already applies to w-$ mixing. Evaluating Eq.(3.5) we obtain ml8 = 240 MeV. This allows to calculate the SU(3) breaking unambiguously. It leads to the mass spectrum shown in Table 7 for the 13 so' % -3D1 and 3p0 partial waves. The magnitude of the mass shifts agrees almost quantitatively with experiment apart from the scalar octet, in which case the experimental situation is not settled. The second octet does, of course, also mix with the singlet giving rise to a further mass shift which, however, we will not discuss here.
Our calculation shows that the dynamics is unstable against w-0 mixing. Since ml8 is determined by self-consistency the w-4 mixing mechanism is phenomenological rather than fundamental. That means IA-$ mixing emerges from the bootstrap system instead of bein isolated 1181. We now have a fully symmetric solution of the bootstrap system and an asymmetric one. The bootstrap principle, however, only supports that solution which is stable against small perturbations. In this way the symmetry of the system reduces to SU (2) , but the symmetry breaking is too small as to yield decoupling of hypercharge-one channels.
The fact that the characteristic pattern of SU (3) breaking follows from w-o mixing is closely connected to the dominant role played by the vector exchange.
The strength of the SU (3) 
2.
The physical meson spectrum is well reproduced. The nonet structure of the low-lying mesons (being one of the pillars of the quark model) here is a consequence of isosinglet-exchange dominance.
We have always a second octet despite of small changes of the parameters. In the quark model a further nonet will only arise for very high quark mass [2, 38] . Note that the coupling constant of the vector octet (i.e. the pNN coupling constant) differs by a factor of 2 from that of the compilation [26] . 
